We assessed self-reported health-related quality of life (HRQoL) and longitudinal changes in sex hormones among 86 prostate cancer (PCa) patients without distant metastases 5 years after radiotherapy (RT) combined with ongoing antiandrogen (AA) treatment. HRQoL outcomes were compared with scores from age-matched controls without a cancer diagnosis (NORM). Compared with NORM, patients scored statistically (Po0.05) and clinically (effect size X0.4) lower on sexual domains, and statistically (Po0.05) lower on physical function and vitality. Estimated free testosterone and measured serum estradiol had increased from baseline in most patients, but did not correlate with HRQoL outcomes 5 years after the start of treatment.
Introduction
Comparison of health-related quality of life (HRQoL) between cancer patients and the general population provides insight into the total load of cancer-related morbidity and is of importance for the counselling of patients.
1,2 Such a comparison has not been performed in patients who receive an oral nonsteroidal antiandrogen (AA) adjuvant to definitive radiotherapy (RT) for nonmetastatic prostate cancer (PCa). Such combined treatment may improve the overall survival compared with RT alone 3 or AA alone 4 in patients with high risk of relapse.
Low serum androgen concentration because of age-or treatment-related hypogonadism is associated with decreased HRQoL within physical, mental, emotional, social and sexual function domains. 5, 6 These domains may also be affected by androgen receptor blockade in the presence of normal serum testosterone. For example, the prevalence of erectile dysfunction (ED) has shown a steady increase during the initial years of monotherapy with the nonsteroidal AA flutamide. 7 Many clinicians, however, have observed that nonsteroidal AAs are associated with less reduction of HRQoL compared with castration. This view has partly been supported by a randomized trial that showed significantly more sexual interest and better physical function after 1 year on bicalutamide compared with medical castration for locally advanced PCa. 8 Maintained gonadal production of testosterone during nonsteroidal AA treatment has been offered as an explanation. 9 The primary aim of this study was to assess selfreported HRQoL in men with PCa who had used a nonsteroidal AA continuously for 5 years adjuvant to definitive RT within the frames of a randomized trial, and to compare these with HRQoL findings in cancerfree, age-matched men from the general population (NORM). The secondary aims were to investigate longitudinal changes in serum sex hormone concentrations after such a long follow-up and to explore correlations between sex hormone concentrations and HRQoL.
Participants and methods

Patient selection
During 1996-2003, all patients were enrolled in a randomized multi-center phase III trial comparing AA alone with definitive RT þAA for locally advanced or localized aggressive PCa (SPCG-7). 4 For the purpose of this side study, we identified 125 men who were randomized to the RT arm at our institution (The Norwegian Radium Hospital, NRH). In relation to a scheduled 5-year post-RT visit, nonmetastatic subjects, who still used AA as their only anticancer agent, were asked to complete a questionnaire (n ¼ 89).
Staging, treatment and follow-up
The diagnostic makeup included clinical TNM categorization, technetium bone scan, chest X-ray, and measurements of prostate-specific antigen (PSA) and sex hormones. Staging lymphadenectomy was performed if PSA was 410 mg l -1 and subsequent RT required a pN 0 status. Diagnostic needle biopsies were centrally revised. For the purpose of this study, biopsies that originally were scored according to the WHO grading system 10 were reviewed for Gleason score . 11, 12 Treatment comprised complete androgen blockade (leuprorelinacetate 3.75 mg per month s.c. þ flutamide 250 mg Â 3 p.o.) for 3 months, followed by definitive RT and continuous flutamide. Bicalutamide 150 mg Â 1 replaced flutamide in cases of intolerance. Three-dimensional conformal RT was given using a multileaf collimator. The gross tumor volume included the prostate and seminal vesicles. The clinical target volume encompassed the gross tumor volume with a 20 mm margin (15 mm posterior to the rectum). For tumors that did not involve the seminal vesicles, the gross tumor volume was reduced to encompass the prostate only after 50 Gy. The total prescribed central dose to the target volume was 70 Gy during 1996-2000 and thereafter 74 Gy. All patients received megavolt photon energy, 15 MV, with daily fractions of 2 Gy, five days per week.
The patients were regularly followed up by their local urologists and scheduled for a 5-year post-RT visit at the NRH that included digital rectal examination, bone scan and blood tests.
Biochemical parameters
Nonfasting blood samples were obtained from a cubital vein, preferably between 0900 and 1200 hours, for the determination of serum PSA, testosterone, estradiol, sex hormone binding globulin (SHBG), luteinizing hormone (LH) and follicle-stimulating hormone (FSH). An inhouse time-resolved fluoroimmunometric assay for PSA was applied until June 2006, 13 . The formula testosterone Â 10/SHBG was used as an estimate of free testosterone (EFT), that is, the biologically active component of total testosterone.
Questionnaires
Before the 5-year visit, the patients received a form by mail that included several established questionnaires. Additional questions were related to demographic variables, including paired relation (yes/no) and level of education (p12 years versus 412 years).
Instrument scoring
The Short Form-36 (SF-36) 14 comprises eight multi-item HRQoL domains that again are grouped into the physical component summary (PCS) and the mental component summary (MCS). Dimension scores are transformed to a scale from 0 to 100. 15 PCS and MCS are transformed by linear T-score transformation so that the general population has a mean of 50 and s.d. of 10.
16
The Hospital Anxiety and Depression Scale (HADS) 17 consists of 14 items scored by 4-point Likert scales (0-3). Seven items add up to the Depression score (0-21) and seven to the Anxiety score (0-21). Caseness of depression and anxiety are defined as a total score of at least 8 within each scale.
The Fatigue Questionnaire (FQ) 18 measures mental (four items) and physical (seven items) features of fatigue by 4-point Likert scales (0-3). Mental fatigue and physical fatigue are the sums of the scores within each dimension (0-12 and 0-21, respectively). Total fatigue is the sum of all 11 items (0-33). Two additional questions are asked regarding the duration and extent of the symptoms. Caseness of fatigue is defined as the total dichotomized scores (0,0,1,1) above four and a duration at least six months. 19 The Brief Male Sexual Function Inventory (BSFI) 20 measures sexual drive (two items), erections (three items), ejaculation (two items), sexual problem assessment (three items) and overall sexual satisfaction (one item) by 5-point Likert scales (0-4). 20 Total sexual score is calculated from the first 10 items in accordance with earlier factor analysis. 21 The scores used in this study represent the mean item score within each domain. In this study, the single item domain 'overall sexual satisfaction' identifies sexual dissatisfaction if the patient was 'very dissatisfied' or 'mostly dissatisfied' with his sex life for the past 30 days. Other selected items are categorized in order to illuminate certain aspects of sexuality: Lack of sexual drive was scored if the patient rated his level of sexual drive for the last 30 days as 'none at all'. The presence of ED was quoted if the patient never had erections firm enough for sexual intercourse over the past 30 days.
Missing responses were replaced by the mean of the completed scale items if at least half of the items were filled in. Otherwise, the scale score was considered as missing. The internal consistency was satisfactory in both patient and NORM samples, with Cronbach's a varying between 0.66 and 0.95.
Normative groups
Using public data lists, the NRH collected several samples of normative data from the general population for comparison with cancer patients. In 2004, a sample of 2100 males aged 50-79 years received a questionnaire including the BFSI, and 756 (36%) responded. In 2005, 473 of 1380 (34%) males within the same age range completed the HADS and FQ. Respondents reporting cancer were excluded. Based on these NORM samples, we were able to retrieve age-matched control cohorts. Normative cases for the SF-36 were selected from the Living Condition Study of 2002 conducted by Statistics Norway on a representative sample of the population. Among 1028 males aged 50-79 years, we selected two age-matched cancer-free controls per patient. 22, 23 The internal consistency of scales was examined using Cronbach's coefficient a. Spearman's r was calculated for correlation analyses between HRQoL scores and sex hormone concentrations. The level of statistical significance was defined as Po0.05 and all tests were two-sided.
Ethical considerations
The study was approved by the regional committee for medical ethics, the protocol review committee of the NRH and the Norwegian Data Inspectorate. Written informed consent was obtained from all the participants.
Results
Among 125 men who originally had received the described treatment, 89 were eligible for this study. Out of these, 86 (97%) responded and were included for further analyses. The questionnaires were completed at a median 5.1 years (range 4.4-5.9 years) after the start of treatment. The median age at the time of the survey was 71 years (range 56-79). Eighty-five percent of the patients lived in paired relations and 24% of them had education for 412 years. Patient and NORM samples were similar regarding paired relation and level of education (data not shown).
Clinical characteristics
Before treatment, 90% of the patients had cT 3 tumours (Table 1) . Nine patients with cT 1-2 tumors had originally been graded as moderately or poorly differentiated according to the WHO grading system. According to the regrading, which was performed in relation to this current study, four of these had GS ¼ 6, four had GS ¼ 7 and one had GS ¼ 8. Median PSA was 15.0 mg l -1 (range 2.4-69). The dose to the target volume was 70 Gy in 56 patients and 74 Gy in 30 patients, depending on the year of treatment. At the 5-year follow-up, 85% had PSA o0.2 mg l -1 and only one had PSA 42 mg l -1 (Table 2) . Except for one asymptomatic patient with a suspected local relapse at the 5-year follow-up, digital rectal examinations did not show any local tumour progression. None of the included patients had overt metastatic lesions and there was no indication of affected bone homeostasis in most of them based on serum bone specific alkaline phosphatase and carboxyterminal telopeptide type 1 (data not shown). During follow-up time, the type of AA had been changed from flutamide to bicalutamide in 30% of the patients.
Measurement outcomes
Compared with NORM the patients had lower scores on the SF-36 domains of physical functioning, general health and vitality (Table 3) . In contrast, patients had better outcomes in role emotional functioning and mental health. Further, the SF-36 PCS was higher in NORM, whereas the opposite was found for the MCS. Although these differences were statistically significant, the effect sizes did not reach the level of clinical significance (40.4). All sexual domains were scored significantly lower in patients compared with NORM, and all these differences were clinically significant. Significantly more patients than NORM reported sexual dissatisfaction, lack of sexual drive and ED.
Sex hormones
The sex hormone concentrations had been measured before treatment and at follow-up in most patients. The serum concentrations of testosterone, SHBG, estradiol, LH and FSH increased significantly from baseline as well as EFT (Table 4 and Figure 1) . None of the HRQoL domains were significantly correlated with EFT, estradiol, FSH or LH 5 years after treatment (data not shown).
Discussion
Compared with NORM, the PCa survivors in this study had statistically and clinically significant impairment of all sexual functions. More patients than controls reported The poorer outcomes in physical functioning, general health and vitality among patients did not reach the predefined effect size for clinical significance. However, these poorer outcomes may still be of clinical interest because of the biological effects of AA treatment, and they should be studied further in larger samples. The better outcomes in role emotional functioning and mental health among patients compared with NORM may reflect a response shift related to post-traumatic growth. 24 The sexual function reported by the patients in our study is probably confounded by radiotoxicity as the post-RT prevalence of ED increases with time. 25 The magnitude of RT as a confounding factor is impossible to estimate because we did not have a control group that received RT monotherapy in our study and the post-RT rates of ED reported in the literature vary from 8 to 85%. 26 Among 875 patients in the SPCG-7 study, the proportions of men with physician-reported ED at baseline and at the 5-year follow-up were 33% and 81% in those who received AA monotherapy and 36% and 89% in those who received AA þ RT. 4 These results show that long-term AA treatment, even though applied alone, is associated with severe impairment of sexual function. We therefore believe that the poor self-reported sexual function in our patients in the current side study was to a considerable degree related to AA treatment. This assumption finds further support in a prospective trial showing a steady decrease in erectile function during the first 2-6 years of flutamide monotherapy. 7 In contrast to these findings, impotence was reported in only 12.7% following RT þ bicatulamide in the Early Prostate Cancer Programme, 3 giving the impression that ED is a minor problem during AA treatment. However, that study implies a considerable risk of underreporting because 
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A Berg et al adverse events were reported 'spontaneously' by the patients. 27 Further, the median duration of bicatulamide treatment was only 1.8 years. Our findings may be somewhat provocative to the opinion that sexual function is maintained during AA treatment and is at least better than during medical castration. 28 The only randomized study that has so far assessed sexual function following these treatments for nonmetastatic PCa showed relative reductions from baseline in sexual interest of 23% and 47% following bicatulamide monotherapy and castration, respectively (P ¼ 0.03). 8, 9 However, the follow-up was only for 1 year. Based on our results, it can be speculated that longer follow-up would provide different results. One has to bear in mind, however, that a gradual decrease in sexual function may be a considerable benefit for the individual patient compared with a more sudden decrease that often occurs from medical castration. Patients on AA can use several months, eventually years, to adjust themselves to the aspect of unavoidable reduction of sexual function.
In clinical practice, physicians and cancer patients often attribute symptoms like depression, anxiety and fatigue to the ongoing cancer treatment. We found no significant differences in such symptoms between patients and NORM. This is a reminder that these symptoms are common in the general population, and may have other causes, even though they occur during cancer treatment. However, we cannot exclude the possibility that long-term AA treatment partly explains such symptoms in some patients.
The increased serum testosterone concentration during AA treatment is known from earlier studies with shorter follow-up than ours, 29, 30 and is probably caused by lack of inhibition of the LH production in the pituitary gland. Estradiol is synthesized from testosterone and increases as a secondary effect. In our study, the median serum estradiol concentration was doubled from baseline. Medical castration by estrogens is associated with increased risk of cardiovascular morbidity and mortality. 31 This risk may also be relevant for patients with high estradiol concentration during long-term AA treatment. This question has been actualized as bicalutamide monotherapy compared with placebo for localized PCa tended to increase the mortality rate in an earlier study. 32 The authors could not identify a specific diagnosis causing the excess deaths and found a direct link between bicalutamide and cardiovascular toxicity unlikely. 28 However, currently, an increasing number of patients with acute cardiovascular diseases survive. To examine potential cardiovascular toxicity from treatment of PCa, cardiovascular morbidity, including cardiac infarction, may therefore be a better endpoint than mortality. Some men might be particularly vulnerable to hormonal changes. It has recently been shown in a randomized trial that even though complete androgen blockade adjuvant to RT compared with RT alone resulted in a mortality benefit, this was not true for subgroups with moderate or severe comorbidity. 33 Such identification of patients for whom side effects from adjuvant treatment outweigh the antitumour effects is important in order to individualize therapy. In our opinion, precautions should be made until the possible relation between AAs and cardiovascular morbidity is clarified. Table 4 Median serum levels of sex-hormones at baseline and 5 years after treatment start 
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In normal cells, AAs have weaker affinity for androgen receptors than natural androgens. 34, 35 Theoretically, the receptor blockade from AAs could therefore be insufficient to affect HRQoL domains such as libido and vitality as these domains are considered to be at least partially androgen dependent. Better HRQoL in patients with particularly high sex hormone concentrations might therefore have been expected. However, we found no significant correlation between EFT and HRQoL in our patients. This finding is in accordance with the pharmacological action of AAs, but may be in some contrast to the assumption that maintained gonadal androgen production protects against reduction of these domains. Some limitations must be considered when the results are interpreted, in addition to the cross-sectional design with lack of baseline HRQoL data: First, all patients had pelvic high-dose irradiation with its risk of decreased sexual function. Isolated effects from AAs on sexual function could therefore not be assessed. Second, the study did not cover those who were withdrawn from AA treatment before 5 years. Furthermore, the response rates for NORM were only B35%, similar to other populationbased surveys addressing sexual function (1) . Hence, possible selection bias with loss of representativity could be operating in both patients and NORM. In addition, a small sample size, with risk of statistical type II error, and different types of AA treatment may have influenced 
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A Berg et al the results. The strengths of the study include the long observation period, 97% response rate among patients, use of validated questionnaires and longitudinal measures of sex hormones. In spite of the cross-sectional design of our study, the results may contribute to the pretreatment information of patients in whom RT is planned in combination with long-term AA.
Conclusions
Men with PCa receiving both high-dose pelvic RT and long-term AA should be informed about the considerably long-term risk of impaired sexual function and possible risk of reduced physical function and vitality. Possible long-term cardiovascular toxicity due to increased serum estradiol concentration associated with AAs should be addressed in future studies.
